proper targets do not receive sufficient trophic factors and are subsequently eliminated by PCD. This "social control" (Raff, 1992) of cell survival ensures the functional integrity of a given tissue or organ by matching the number of different cell types to each other. Impor- , 1996). In contrast, the gene hid is expressed in
; Zhou et al., 1997) . By the end of embryogenesis at stage 17, the number of sli-lacZ-positive cells is reduced to approximately three per segment (on average, 2.8; n ϭ 189; see Figure  1B ). Since the sli-lacZ expression is specific for the MG, we refer to sli-lacZ-expressing cells from now on as MG. To examine this further, we generated UAS-hid transthe double mutant analysis ( Figure 2D ) that the survival genes that alter the five phosphoacceptor residues of of approximately six MG is regulated by MAPK-depenthe MAPK phosphorylation sites to nonphosphorylatdent inhibition of HID. As long as MAPK is activated, able Ala residues (UAS-hid
MAPK-Mediated

Ala5
; Bergmann et al., 1998). these MG survive (as seen in the activated mapk Sem muThe UAS-hid Ala5 transgenes driven by sli-GAL4 induce tant). However, MG in this group that does not maintain apoptosis in the MG very efficiently. One copy of a UASactivated MAPK are eliminated by HID-induced apoptohid Ala5 transgene is sufficient for the ablation of the MG. sis. Thus, the coordinated expression of HID and activaOccasionally, some embryos are recovered in which the tion of MAPK regulate the final MG cell number (see ablation of the MG is incomplete ( Figure 3D ). However, also Discussion).
nerve cord preparations reveal that in these embryos, only a small fraction of the MG survives compared to wild-type ( Figures 3E and 3F ). Some segments com-MG Survival Requires Phosphorylation of HID by MAPK pletely lack MG cells, while others just contain one remaining MG ( Figure 3F ). The MG is required for separa-MAPK suppresses hid activity in two ways: via downregulation of its transcription and via phosphorylation of tion of the commissural axon tracts of the CNS (see Figure 4G ). Nerve cord preparations of spi mutant embryos show that only a small subset of the MG survives ( Figure 4GЈ) . Thus, the spi gene is required for MG survival and encodes a candidate trophic factor for MG survival.
To prove that spi function is required to suppress hid activity, we analyzed the fate of the MG in spi; hid double mutant embryos. As shown in Figure 4H , the MG survive in spi embryos if hid is removed as well. We counted 5.7 MG on average per segment (n ϭ 133). Since this number is very similar to the number of surviving MG in hid mutant embryos alone (5.8), we conclude that the survival function of spi is mediated through suppression of hid-induced apoptosis.
The SPI ligand is produced as a membrane-bound inactive precursor (mSPI). Activation of SPI occurs via proteolytic cleavage generating a secreted form of SPI (sSPI; Schweitzer et al., 1995). Ectopic expression of sSPI via heat shock treatment results in rescue of the MG ( Figure 4I ). This finding is consistent with the proposed function of SPI as the survival factor for the MG. One of the main suppositions of the trophic theory is that the trophic factor is provided in limited amounts, and 
ubiquitously expressed (Rutledge et al., 1992), it is diffiphenotype in the MG (data not shown)
. Thus, this analysis clearly demonstrates that the sSPI signal for MG cult to determine histochemically where sSPI, the active ligand, is generated. Therefore, we used a genetic apsurvival is generated and secreted by neurons. proach and examined whether the loss of MG in spi mutant embryos (see Figure 4G) can be rescued by Axon Contact Is Required for Activation of MAPK to Suppress HID-Induced Apoptosis expression of UAS-mSPI either in the MG (using the sim-GAL4 driver) or in neuronal axons (using the elavSonnenfeld and Jacobs (1995) noted that the surviving MG in late stage embryos are in close contact to com-GAL4 driver). We reasoned that the MG would be rescued in spi mutant embryos only if mSPI is presented missural axons ( Figure 6A ). In embryos lacking the commissureless (comm) gene, the commissural axons are in the location where it is normally processed for MG survival in wild-type embryos. Presentation of mSPI by absent (Seeger et al., 1993) . In comm embryos the MG die prematurely, and some survivors become misplaced the MG itself does not result in rescue of the MG in spi mutant embryos ( Figures 6C and 6D) , ruling out an laterally along the longitudinal axon tracts ( Figure 6B ; Sonnenfeld and Jacobs, 1995). The location of the MG autocrine mechanism. In contrast, expression of mSPI in neuronal axons appears to be sufficient for MG suralong the longitudinal axons in comm mutant embryos as well as their close contact to commissural axons in vival in spi embryos (Figures 6E and 6F ). This argues in favor of a paracrine mechanism. In control experiments, wild-type embryos prompted Sonnenfeld and Jacobs (1995) to suggest that axon contact is required for MG we expressed sSPI using these two Gal4 drivers in wildtype embryos. With both GAL4 drivers an increase in survival. Axon contact appears to permit the MG to respond to trophic signaling which is necessary for its the number of MG cells is detected (data not shown), indicating that they are expressed at the right time and survival. Consistent with this notion, using spry ET expression as a marker, we found that trophic signaling that the MG does not fail to secrete SPI once it has been processed. Axon contact appears to permit the MG to receive Conclusion sufficient quantities of the trophic factor Spitz (SPI), a TGF␣-like factor with an EGF motif that binds to and
Embryos were double stained using antibody BP102 to label the CNS axon pattern (brown) and the anti-␤-gal antibody to either visualize the MG (black; [A-D]) or to visualize the spry ET (E). (A)-(E) are ventral views of whole-mount embryos, (AЈ)-(DЈ
The regulation of MG apoptosis in Drosophila bears activates the EGFR. In spi mutants or in embryos exstriking overall similarity to the regulation of glial cell pressing a dominant-negative EGFR the MG undergo death in the rat optic nerve. Raff et al. (1993) described apoptosis, and these deaths require hid, based on douan early dependence of the oligodendroglia in the rat ble mutant analysis. spi is expressed as an inactive optic nerve on growth factors for differentiation followed membrane-bound precursor (mSPI) which requires proby a dependence on axon contact for survival. However, teolytic processing in order to generate the active, seit is not clear how the oligodendroglia in the rat optic creted form of SPI, sSPI. The loss of MG in spi mutants nerve survive upon axon contact. Since mammalian hocan be rescued when mSPI is expressed selectively in mologs for many of the components in the apoptotic neurons (Figure 6 ), suggesting that generation of sSPI pathway both upstream and downstream of Drosophila occurs at the neuronal axons, thus favoring a paracrine HID are known, it will be interesting to analyze whether mechanism of SPI activation. Furthermore, overexpressimilar molecules regulate apoptosis and cell number sion of sSPI promotes survival of additional MG, sugin the mammalian nervous system. Therefore, molecular gesting that sSPI is available in limited quantities for genetic studies in Drosophila promise considerable in-MG survival. Taken together, these data strongly suggest sights for advancing our understanding of the basic conthat SPI functions for MG survival as a trophic factor detrol mechanisms involved in the regulation of apoptosis rived from neighboring axons. It is interesting to note in the context of a developing organism in vivo. that another group of glia cells, the longitudinal glia, requires a different EGFR ligand for its survival. In this case, the Drosophila neuregulin homolog vein is pro- 
